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AnHoTamus. B pabore npuBeNcHBI CBOWMCTBA HAHOCTPYKTYPHUPOBAHHOTO CYXOr0 3KCTpaKTa
TonuHaMOypa, ONpeAeIICHbl CaMOOpraHu3alis U pa3Mepbl 4acTHI] ¢ momoInbio MeTona NTA.
B pe3synbraTe MpOBENCHHOTO HCCIICAOBAHHS OBUIO MOKA3aHO, YTO pa3Mep HAHOKAICYJ CyXOTro
IKCTpaKTa TOMMHAMOYpa 3aBHCUT OT MPUPOABI 000J0uky. HaumeHbIHi pasmMep HaHOKAICYI
cocraBiaser 227 HM B TeJUIAHOBOM  KaMeau, 4YTO  TO3BOJSIET  HMCIOJB30BATh
HAHOCTPYKTYPUPOBAHHBIA CYXOH SKCTpakT TONMHAMOypa B KauecTBe HAHOMHIPEAWCHTA B

MPOAYKTaX (PyHKIHMOHAIHHOTO Ha3HAUCHHUS.
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Abstract. The paper presents the properties of nanostructured dry extract topinambur, self-
organization and defined particle sizes using NTA method. The study showed that the size of the
nanocapsules dry extract of topinambur depends upon the nature of the shell. The smallest size of
the nanocapsules is 227 nm in the gellan gum that allows the use of nanostructured dry extract of

topinambur as nanoingredienta in products funkional destination.
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Beenenne. TommHaMOyp — HCTOUYHHUK MUILEBBIX
BOJIOKOH, OCOOEHHO II€HEH WHYJIHH, KOTOPBIN
MIPUCYTCTBYET B BUJIE HEKpaxMaJbHOTr0
JIETKOYCBOSIEMOr0 TIONHMCaxapuaa. OJTO TOJE3HOE
BEIIECCTBO ABJIACTCA HATYypPaJbHBIM ITOJACIACTUTEIIEM
C HYJICBOW KaJOPUHHOCTBIO, OHO HE IPETEPIEeBAET

MeTaboIr3Ma B OpraHu3smMe 4YCJI0BCKA, 4YTO ACJIacCT
OKCTPAaKT HU3 KHy6H$I nacaJIbHbIM HE TOJIBKO JIA
,I[I/Ia6CTI/IKOB, HO U B JUCTOJIOTHH.

CYXOfI OKCTPAKT 3TOro pacCTcHUud COACPIKUT B
CBOEM COCTaBE aHTHOKHUCIINUTEIbHEIC BUTAMUHEL. OTH
BHUTaMHWHBbI, BMECTC C (i)JIaBOHOI/UlaMI/I IIOMOTaroT
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coOHMpaTh B OpraHu3mMe cBOOOIHBIE PAJANKaIbI, U TEM
caMbIM  00eCHeuMBarOT  3allUTy OT  paka,
BOCIIAJICHUM, BHUPYCHOTO Kalllsi M IMPOCTYABIL.
Musnepanbl, 0OCOOEHHO HaJIMYKME B COCTaBE Kaius,
xKeneza U Mel, MPEKPacHO CTHUMYJIUPYIOT padoTy
CEPJIEYHO-COCYUCTON CHCTEMBI.

VYcunuBasg COKpalleHHe CTEHOK KHILIEYHHUKA,
WHYJINH CIOCOOCTBYET OCBOOOKICHHIO OpTaHW3Ma
OT 1IJIAKOB W  HelepeBapeHHod mnumu. B
KPOBEHOCHBIX ~ COCYJaX  MOJEKYJbl  JaHHOTO
yIJIeBOAa NPOHM3BOAST  AHAJOTHYHYIO — PadoTy,
OuMIasi HMX OT BPEOHBIX HPOLYKTOB oOOMeHa
BEIIIECTB ¥ XMMHUYECKUX KOMIIOHEHTOB, IIONABIINX B
KpPOBb C MEAMLIMHCKMMHU mpemnaparamu. JleueOHbIe
CBOICTBa TOMMHAMOYpa MPOSIBISIOTCS B yCTOWYUBOM
COIIPOTHUBIISIEMOCTH opranusma Pas3In4HBIM
MHQEKIHAM, KUIIEYHBIM OaKTepusiM U BUPYCHBIM
3a0oneBaHusIM. VHYIMH OKa3bplBaeT eIle Maccy
MIOJIOKUTENBHBIX ~ JIEWCTBHM, Cpeau  KOTOPBIX
yIy4llleHHE KUIIEYHOW MHMKPO(MIOPHI, aKTHBU3ALMS
JESTEIbHOCTH  KENMYJOYHO-KHUIIEYHOIO  TPAKTa,
CTUMYJISIIAS ~ PabOThI  KETYHOTO  MY3bIpS |
3amUTHBIX  QyHKOMHA medeHdn. OTMeueH TakKe
BBICOKHIA TTPOTHBOOIYXO0JIEBbIH 3(pexT yraesosa.

Hannass paboTta sBIseTCd NPOAOIDKEHHUEM
HaIIUX HCCIIeJOBaHUN 1o U3YYEHUIO
HAHOCTPYKTYpPUPOBAaHHBIX OHMOJIOTHYECKUM
aKTUBHEIX coeanHenuii [1-11].

H3BecTHO, 4YTO HAHOOOBEKTHI  00JIAJAIOT
BBICOKOW OHMO/IOCTYIHOCTBIO, YTO HCIOJb3YeTCS B
MenuiHae W Qapmakonoruu. B mmreparype

OTCYTCTBYIOT CBEIICHHUS u CBOMCTBax
HAHOCTPYKTYPHPOBAHHOTO  OJKCTPAaKTa  CyXOro
TOMMMHAMOYpa.

Pasmep karcyn, comepxampx OHOJIOTHYECKU
aKTUBHBIE COCJIMHEHUS, HMEET CYIIECTBEHHOE
3Ha4YeHUe U1 UX (U3HOIOTMYECKOM aKTHBHOCTU B
OpraHu3Me [12]. Ha  mpumepe MHOT'HX
JIEKApCTBEHHBIX BEMIECTB OBLIO TMOKa3aHO, YTO
YMEHBIIEHUE Pa3MEpPOB 4YacTUI] MPHUBOAUT K
W3MEHEHUI0 OHMOAOCTYIMHOCTH U 3(PPEKTUBHOCTH
[13].

Heny padorel. llens gaHHOH — pabOTHI
3aKIfo4aeTcs B TPOBEJCHHM TIEPBOIO B  MHpE
UCCIIEIOBaHUSl HAHOCTPYKTYPHPOBAHHOT'O CYXOTO
JKCTpaKTa TONMHAMOypa, U3ydas caMOOpPraHU3aIHIO
¥ pa3Mepsl HaHOKaIcysn ¢ momomsio Meroga NTA
(Metop aHanmi3a TpaeKTOpHiA HAHOYACTHII).

Matepuajnbl H  MeTOAbI HCCIEIOBAHUS.
UccnepnoBanne  camMoOpraHM3aldll — HaHOKAIICYJ
OPOBOAMIM  cienytomuM  obpasom. [lopomiok
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HaHOCTPYKTYPHUPOBAHHOTO CyXOro  JKCTpaKTa
TOMMMHAMOYpa PacTBOPSIN B BOJC, KAIUTI0 HAHOCHIIU
Ha TIOKPOBHOE CTEKJIO M BBITApHUBaJH. BRICyIIEHHYIO
MTOBEPXHOCTh CKAHUPOBAIIN METOJOM KOH(POKAITEHOM
MUKPOCKOITUHU Ha MUKPOCIIEKTPOMETpE
OmegaScope,  npousBoactBa  AIST-NT  (r.
3eneHoOrpaja), COBMEIICHHOM C KOH(OKaJIbHBIM
MHKPOCKOIIOM.

Pe3yabTathl HCCJIeT0BAHUSA U X
o0cy:KkaeHue. Hamu BIIEPBLIC MPOBEACHO
HUCUYEPIBIBAIONIECE HCCIACAOBAHME 10  BIUSHUIO
MPUPOAbI  O0OJIOYKM Ha pa3Mep HAHOKAlCyl Ha
IIpUMepe CYXOTro DOKCTpakTa TomwmHaMOypa. B
KauecTBE OO0OJOYECK HCIOJIb30BAIUCH  AJbIrHHAT
HaTpUs, HaTpuit KaOOKCHMETHIILEIITIONO03a,
KapparuHaH, KOH)XXAaKoBas Kamelb, KCaHTaHOBas
KaMe[lb, TIEKTHH SOJIOYHBIA U IIUTPYCOBBIH.

Pazmepsl MOJIYICHHBIX HaHOKarcy
onpeaensuin MmerogoM NTA, a Takke TPOBOIUIHCH
WCCIIEIOBAHUS  CYNPaMOIIEKYJSIPHBIX  CBOWCTB
Karcyn c MTOMOTIIBIO CaMOOpPTaHH3AIIHH.
CympamosnieKysipHas XUMHS HCIIOJNB3YeT 3aKOHBI
OpPraHUYEeCKOM  CHUHTETMYECKONM  XMMHUU  JUIsS
MOJTy4eHUSI  CYNpPaMOJIEKYJIAPHBIX  aHcamOnei,
KOOpJMHAIIMOHHONH  XUMHH  KOMIUIEKCOB  H
(hu3MYeCKOM XUMHUU TSl U3yUEHUS B3aMMOJCHCTBUN
KOMIIOHGHTOB, =~ OMOXMMHHU —  PacCMOTPCHHUS
(hyHKIIMOHUPOBAHUS CyTPaMOJEKISAPHBIX
ancambneir. K cympamonexymspHsIM CBOWCTBaM
OTHOCATCA camMocOopka W camoopranuzanus |[14,
15]. B  cynpamonekynspHOW  XUMHUH s
JIOCTHKCHHS KOHTPOIIUPYyEMOU cOopKu
MOJIGKYJISIDHBIX ~ CeTMEHTOB W CIIOHTaHHOWU
OpraHHM3alMd MOJEKYNl B CTaOWIBHOH CTPYKType
HCTOJB3YIOT HEKOBAJICHTHBIC B3aMMOACHCTBUSA
[16, 17]. CamoopraHu3yronIuecs: CTPyKTypbl MOXKHO
AMUTHPOBATh KaK aCMEeKThl OMOJIOTHYECKUX CHCTEM:
HCKYCCTBEHHBIE KIIETKH MeMOpaH, (DepMEHTOB, WIH
kaHaJbl [18].

Pe3ynprarel mccnenoBaHUI MpeiCTaBiIeHBl Ha
puc. 1.

[lockonmbKky B BOIAHOM pPacTBOpE HAHOKAIICYI
Opd WX JIOCTAaTOYHO HHU3KOW  KOHIIGHTpAIluU
OoOHapyXeHbl  (hpaKTaIbHbIC KOMIIO3UIIMU, OHHU
obnanarot caMOOpraHu3anuei. OO6pazoBanue
HaHOKAICyJl TMPOUCXOAUT CIOHTAHHO 3a CYeT
HEKOBAJICHTHBIX B3aWMOJICUCTBUI, U 3TO TOBOPUT O
TOM, 4YTO JUII HHX XapaKTepHa caMmocOopka.
CrnenoBaTesbHO, HAHOCTPYKTYpUPOBaHHBIM CyXOH
3KCTPAKT TonMHAMOypa oOmagaer
CyNPaMOJICKYJIIPHBEIMH CBOMCTBAMH.
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Puc. 1. Konghoxanvrnoe uzobpasicenue HaHOCMPYKMYypUpo8aHHo20 IKCMpaKma Msmbl. a) 8 arbeuname Hampusi, yeenuyenue ¢ 920
pas, konyenmpayus 0,5%, coomuouenue a0po : obonouxa 1:3; 6) 6 kappazunaue, yeenuyenue 8 920 pas, konyenmpayusa 0,25%,
coomHouterue s0po : obonouxa 1:3; 8) 6 komoicaxogou kameou, yeenuyernue ¢ 1200 pas, konyenmpayus 0,125%, coomuowerue
50po : obonouka 1:3; 2)  kcanmanogoll kameou, ygenuuernue ¢ 720 pas, konyenmpayus 0,5%, coomnowerue s10po : obonouxa 1:3;
0) 6 a6n0uHOM nekmune, ygenuuenue 6 720 pas, konyenmpayus 0,25%, coomnowerue s0po : obonouka 1:3.
Fig. 1. Confocal images of nanostructured mint extract: a) sodium alginate, an increase of 920 times, concentration of 0,5%,
the ratio of core : shell 1:3; b) in karraginans, an increase of 920 times, the concentration of 0,25%, the ratio core : shell 1:3;
¢) in konzhakovo resins, an increase of 1200 times, the concentration of 0,125%, the ratio of core : shell 1:3; g) in xanthan gum,
an increase of 720 times, the concentration of 0,5%, the ratio of core : shell 1:3; d) in apple pectin, an increase of 720 time,
the concentration of 0,25%, the ratio core : shell 1:3.
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Ha puc. 1 mpexacraBieHbl CcaMOIOJ0OHEIC
00BEKTHI, MTHBAPUAHTHBIE OTHOCHUTEIHFHO JIOKAJIHHBIX
Jtataiui, T.e. ppakransl. M3BecTHO, uTO (hpakTanbl
SIBJISIFOTCSL €CTECTBCHHBIM 3aIllOJIHCHHUEM MHOXECTB
MEXIy HW3BECTHBHIMH E€BKJIMJOBBIMH OOBEKTAMH C
[EJT0YNCICHHBIMU Pa3MEpHOCTSIMH. Hamnmane
(hpakTasia yKa3pIBa€T Ha BO3MOXXHOCTH TOJYYCHHS
COBEPIIIEHHO JIPYroro MOJMMepa MPU MPAKTUIECKH
HEM3MEHHOM  COCTaB€  MAaKpOMOJEKYNBl.  OTOT
«HOBBI  TIOIUMEp»  OymeT  HMMETh  JIpYTHe
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MOJICKYJIIPHBIC XapaKTEPUCTUKU U OTIUYAIOIIYIOCS
HaJICETMEHTAIBHYIO CTPYKTYPY. ®pakTanpHas
KOMIIO3MIIMSI TaK JK€ YKa3blBae€T Ha MpPOIEecC
caMocOOpKH, 4YTO YKasblBaeT Ha 0Opa3oBaHHE
HaHOKATICYIL.

Omnpenenenne pa3mMepoB HAHOKAICYII
OCYIICCTBISUIA B Pa3IMYHBIX 00O0JIOYKA: arap-arap,
aNbPTUHAT HATPHS, TeJUIaHOBasI KaMellb U KOHKaKOBas
Kameab. X pa3Mephl MpeACTaBICHB! Ha PUC. 2-5 U B
taoin. 1-4.
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KoHLueHTpauws YacTuy, x10™ yactuu/mn

Pasmep vactuu, HM

Puc. 2. Pacnpedenenue wacmuy no pasmepam 6 06pasye HAHOKANCYJ MORUHAMOYDA
6 aeap-acape, coomnouierue a0po : obonouxa 1-3

Fig. 2. Distribution of particle size in the sample nanocapsule artichoke in agar- agar, the ratio of core : shell 1-3

Tabnuya 1
XapaKTepuCTHKN HAHOKAINCYJ TOMHHAMOYpa B arap-arape
Table 1
Characteristics of nanocapsule artichoke in agar- agar
ITapametp 3HaueHne

Cpennuii pasmep, HM 243
D10, um 153
D50, um 236
D90, um 340
Kosddunment nommancnepcaoct, (D90 — D10)/D50 0,79
OO6111as1 KOHIICHTPAIIUS YACTHII, X 10 gacTury/m 5,82

[Mpumeuanue: D10, D50, D90 — necsAThId, NATHAECATHIN U IEBSIHOCTBIN IPOLEHT pacipeaeseHus (pa3Mepsl, HUKE KOTOPBIX

nexat 10%, 50% u 90% gactum).
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KoHueHTpauus yactuu, x10* vactuy/mn
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Pasmep 4acTuu, HM

Puc. 3. Pacnpedenenue yacmuy no pazmepam 6 oopasye HAHOKANCYl MORUHAMOYDA
8 anbuHAMme HAmpus, cOomuouteHue 0po : obonrouxka 1-3
Fig. 3. Distribution of particle size in the sample nanocapsule artichoke in sodium alginate, the ratio of core : shell 1-3

Tabnuya 2
XapaKTepUCTHKH HAHOKAINCYJI TOMHHAMOYpa B aJiblTHHATE HATPUS
Table 2
Characteristics of nanocapsule artichoke in sodium alginat
IMapametp 3naveHue
Cpennuii pa3mep, HM 288
D10, am 91
D50, am 246
D90, um 608
Koaddunment nonmuaucnepcuoctu, (D90 — D10)/D50 2,10
OO6111as1 KOHIICHTPAIINS YACTHII, x10% gacTury/mi 2,47

10

KoHueHTpaums yactuu, x10*2 vacTuu/mn

Pa3mep yactuu, Hm

Puc. 4. Pacnpedenenue yacmuy no pasmepam ¢ 06pasye HAHOKANCY1 MORUHAMOYPA
6 2eJIAH0BOU Kameou, COOmMHoweHue 10po : obonouka 1-3
Fig. 4. Distribution of particle size in the sample nanocapsule artichoke in galanova resins, the ratio of core : shell 1-3
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Tabnuya 3
XapaKkTepuCTHKH HAHOKAMCYJI TONHHAMOYPA B re/lJIaHOBOI KaMean
Table 3
Characteristics of nanocapsule artichoke in gellanova resins
Ilapametp 3naveHue
Cpennuii pasmep, HM 227
D10, um 53
D50, um 200
D90, um 408
Koahpunuent nonmuaucnepcuoctn, (D90 — D10)/D50 1,78
OO01as KOHIICHTPAIIUS YaCTHII, x10% YaCTHL)/MII 4,78
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Pasmep yactuu, HM ¢y
Puc. 5. Pacnpedenenue yacmuy no pasmepam 6 obpasye HAHOKANCY1 MORUHAMOYPA
6 KOHIICAKOBOU KameOu, COOmHouieHue 10po : oborouxa 1-3
Fig. 5. Distribution of particle size in the sample nanocapsule Jerusalem artichoke
in konzhakovo resins, the ratio of core : shell 1-3
Tabauya 4
XapakTepuCTHKH HAHOKAICYJ TOMHHAMOYpPa B KOHKAKOBOH KaMeIn
Table 4
Characteristics of nanocapsule Jerusalem artichoke in konzhakovo resins
IMapametp 3HaveHue
Cpennuii pasmep, HM 231
D10, am 85
D50, am 235
D90, am 357
Koaddunment nommaucnepcHocty, (D90 — D10)/D50 1,16
OO01mast KOHIICHTPAILUS YACTHII, X 10% YaCTHULY/MJI 4,37

Kak BugnHo u3 Tabn. 1-4, pa3mepsl HAHOKAITCYI B
pa3TUYHBIX 000JI0YKAaX COCTaBISIFOT OT 227 HM (B
TeJIJIaHOBOM Kamenu) a0 288 HM (B anbpruHaTe
Hatpus). Ilpm oTOoM pa3mMepbl HaHOKAaNCyl B
TeJIJJaHOBOM KaMeAM MpaKkTUYECKH COBMAAAOT C
pazMepaMu B KOH)KaKOBOH KaMeIu.

IlomyueHHble pe3ynbTaThl IOKA3bIBAIOT, YTO
HAaHOCTPYKTYPUPOBAHHBIH  TOMHHAMOYp  MOYKHO
WCTONB30BaTh B (YHKIHMOHAIBHBIX  MPOJYKTaxX
MUTAaHUS. TPOPUIAKTHIECKOTO HA3HAYCHUS JJIST BCEX
BO3PaCTHBIX IPYTIIL.
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